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patients with COPD has not been clearly defined.5,6 The
current investigation was designed to study the indepen-
dent contribution of COPD to the risk of rupture and to
determine the contemporary perioperative morbidity and
death of patients undergoing AAA repair in the Veterans
Administration (VA) Hospitals.
PATIENTS AND METHODS
The Veterans Affairs Department Patient Treatment
File (PTF) database for 1997 to 1998 was used to identify
all patients who underwent AAA repair at VA Hospitals
nationwide. Patients with a diagnosis of AAA who under-
went repair either electively or for rupture were identified
with codes of the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM). All
patients studied had a diagnosis of AAA, with ICD-9-CM
codes 441.3, 441.4, 441.5, and 441.9 in one of the top
10 positions. Patients were subclassified as ruptured with
the ICD-9-CM codes for rupture (441.3 or 441.5).
Unfortunately, no distinction was possible between those
nonruptured patients who were repaired electively and
those who were repaired urgently. Similarly, patients with
AAA were not subclassified according to aneurysm extent
(eg, infrarenal vs suprarenal). Patients had Current
Procedural Terminology (CPT) codes consistent with
repair of AAA: 38.44, 38.64, 39.25, 39.24, 38.34, and
38.64. With these criteria, 96.3% of patients were included
in three diagnosis-related groups (DRGs): 111 (major car-
The importance of chronic obstructive pulmonary
disease (COPD) to the pathogenesis, prognosis, and risk
of conventional surgery for abdominal aortic aneurysms
(AAAs) remains controversial. COPD has been associ-
ated with both the development of AAA1,2 and a higher
rate of expansion, particularly in patients who require
corticosteroids.2 In addition, COPD appears to convey
an added risk of rupture, particularly in patients with
small aneurysms.3
Despite the increased hazard of AAA in patients with
COPD, some surgeons are reluctant to electively repair
these lesions because of reported increases in perioperative
death and morbidity.4 Although improvements in intraop-
erative and postoperative care for patients undergoing
major aortic surgery have resulted in significant reductions
in perioperative death and morbidity, particularly in high-
volume centers, the impact of these improvements on the
outcome of elective and emergency repair of AAA in
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Objective: Chronic obstructive pulmonary disease (COPD) is associated with abdominal aortic aneurysm (AAA) expan-
sion and is considered by some to be a relative contraindication to conventional aortic surgery. This study was under-
taken to determine if COPD increases operative death, morbidity, intensive care unit (ICU) length of stay (LOS), and
hospital LOS, after AAA repair.
Methods: Data from national administrative records supplemented with laboratory data previously obtained for a system-
wide study were analyzed in a retrospective review of 1053 consecutive patients (264 with and 789 without COPD)
undergoing operation for intact or ruptured AAAs in Veterans Administration Hospitals from 1997 to 1998. Bivariate
comparisons and multivariate regression were used to evaluate the impact of COPD on the number of days of ventila-
tion, ICU LOS, total hospital LOS, and death, while controlling for other known risk factors, including acute myocar-
dial infarction, renal failure, and age.
Results: The mortality rate in elective aneurysm patients did not differ (P = .99) between patients with (3.7%) or with-
out COPD (3.7%). However, elective AAA repair was associated with longer hospital LOS (14.4 vs 12.3 days, P = .01),
longer ICU LOS (6.5 vs 5.4 days, P = .01), and a higher incidence of requiring 96 hours or more ventilation (6.9% vs
3.6%, P = .02) in patients with COPD. Ruptured AAA affected 4.9% of patients and was strongly associated with
COPD (P = .02); however, COPD did not result in a statistically significant increase in death (P = .25).
Conclusions: Although COPD does not appear to increase operative death, it is associated with an increased risk of rup-
ture. Elective repair of AAA should not be deferred in patients with COPD despite their higher LOSs and need for
postoperative ventilation. (J Vasc Surg 2001;33:72-6.)
JOURNAL OF VASCULAR SURGERY
Volume 33, Number 1 Axelrod et al  73
diovascular procedures with complications), 110 (major
cardiovascular procedures without complications), or 483
(tracheostomy performed for nonface, nonneck, or non-
mouth diagnosis [ie, for severe respiratory failure]).
Similar methodology, reported by other investigators, has
a sensitivity of 96.0% and a specificity of 97.3% when com-
pared with chart review for the detection and classification
of AAA repair.5
Patient descriptors including age, sex, and race were
extracted from PTF files. Comorbidities were classified
with the ICD-9-CM codes for COPD: 491.20, 491.21,
492.0-8, and 496.0. The severity of COPD, defined by
blood gas analyses or pulmonary function tests, was not
determined in this study. ICD-9-CM codes for coronary
artery disease were 412 and 413. Study outcomes
included death at the time of discharge, the need for pro-
longed ventilation with CPT code 96.72, acute myocar-
dial infarction with ICD-9-CM code 410 or 411, hospital
length of stay (LOS), and intensive care unit (ICU) LOS
as determined from the PTF files.
Additional data were collected from the Quality
Enhancement Research Initiative, a system-wide Veterans
Affairs Department study of quality of care in which key
laboratory values for all veterans tested are centrally col-
lected. Admission and maximum serum creatinine values
for all patients in this study were obtained. Patients were
defined as having acute renal failure if their baseline crea-
tinine level was less than 2.0 mg/dL and their maximum
creatinine level exceeded 2.5 mg/dL. Patients were classi-
fied as having chronic renal insufficiency if their baseline
creatinine level exceeded 2.2 mg/dL on admission.
Descriptive statistics for patients with and without
AAA rupture were calculated and compared with the
Student t, χ2, and Fischer exact tests where appropriate.
Data for patients with and without ruptured AAA were
analyzed separately to assess the impact of COPD on peri-
operative morbidity and death. Multivariate logistic
regression was used to determine the independent risk of
COPD for both death and prolonged ventilation.
Multivariate linear regression was used to determine the
independent risk of COPD for both total and ICU LOS.
Because LOS has a severely right-skewed distribution, a
logarithmic transformation was performed. Multivariate
linear regression with the logarithm of total and ICU LOS
as the dependent variable was then preformed, and the
resulting β values were converted to percentage increases
in the dependent variable.7 Odds ratios and P values are
reported for the logistic regressions. β Values, P values,
and percentage increase in LOS are reported for linear
regressions. Statistical analysis was performed with Stata
v6.0 software (Stata Corporation, College Station, Tex).
RESULTS
During the period between September 1997 and
September 1998, 1053 patients undergoing AAA repair
were identified in the VA PTF. The population had the
following demographic characteristics: average age, 69 ±
7.5 years; 87.5% white; and 6.6% black. As expected in the
VA population, 99.5% of the patients were men. The
prevalence of COPD was 25.1%, whereas 2.4% had
chronic renal insufficiency and 29.8% had a history of
coronary artery disease (Table I).
Table I. Characteristics of patients with AAA
Ruptured AAA (N = 52) Nonruptured AAA (N = 1001) P value
Age (y) 68.9 70.3 .08
Male (%) 100 99.5 .61
White (%) 86.5 87.7 .81
Black (%) 9.6 6.4 .36
COPD (%) 38.5 24.4 .02
Chronic renal failure (%) 2.4 1.9 .82
Coronary artery disease (%) 30.8 29.7 .88
Table II. Impact of COPD on AAA repair
COPD No COPD P value
Elective repair of AAA N = 244 N = 757
Operative mortality (%) 3.7 3.7 .99
Need for prolonged ventilation (%) 6.9 3.6 .02
Total LOS (d) 14.4 12.3 .03
ICU LOS (d) 6.5 5.4 .05
Ruptured AAA N = 20 N = 32
Operative mortality (%) 40 25 .25
Need for prolonged ventilation (%) 25 21 .80
Total LOS (d) 18 20 .45
ICU LOS (d) 11 15 .31
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Impact of COPD on elective AAA repair. The
impact of COPD was considered separately in the 1001
patients with intact AAAs. Bivariate comparison revealed
that COPD was not associated with an increased risk of
operative mortality (P = .99), but was associated with an
increased risk of need for prolonged ventilation (P = .02),
longer hospital LOS (P = .03), and longer ICU LOS (P =
.05) (Table II).
The impact of known comorbidities on each outcome
was separately analyzed. Bivariate comparison (Table III)
demonstrated a significant increase in the rate of perioper-
ative acute myocardial infarction (18.9% vs 2.5%, P <
.001) and acute renal failure (27.0% vs 2.5%, P < .001) in
patients who died. No significant differences were found
in age, race incidence of coronary artery disease, or inci-
dence of COPD between patients who died and those
who survived. The results of this analysis were confirmed
with multivariate logistic regression (Table IV). In this lat-
ter analysis, acute myocardial infarction (odds ratio [OR]
= 7.0, P < .001), acute renal failure (OR = 14.3, P < .001),
and chronic renal failure (OR = 2.4, P < .001) resulted in
significant increases in operative death. COPD, however,
was not independently associated with increased operative
death in this series (OR = 1.1, P = .81).
Patients with COPD were significantly more likely to
require prolonged ventilation (≥ 96 hours continuous ven-
tilation) after elective AAA repair (6.9% vs 3.6%, P = .02).
Bivariate analysis also demonstrated that the need for pro-
longed ventilation was associated with acute myocardial
infarction (P < .001), acute renal failure (P < .001), and
chronic renal failure (P = .003). No relationship was found
among age, sex, or coronary artery disease and a need for
prolonged ventilation. Multivariate logistic regression
confirmed that COPD conveys a significant, independent
risk of prolonged ventilation (OR = 2.3, P = .01) control-
ling for other studied comorbidities (Table IV).
Multivariate linear regression analysis demonstrated
that COPD increased ICU and hospital LOS (Tables V
and VI). In linear regression, with ICU LOS and hospital
LOS as the dependent variables, COPD appeared to be
independently associated with increased LOS (P = .067 for
hospital LOS and P = .087 for ICU LOS). The natural
logarithm of total and ICU LOS was then used to adjust
for significant right-side skew of LOS data. In this analy-
sis, COPD was associated with a 14% increase in the num-
ber of days in the ICU (P = .002) and a 13% increase in
the number of days in the hospital (P = .007). Acute
myocardial infarction, acute and chronic renal failure, and
age were significantly associated with increasing hospital
and ICU LOS. No relationship was demonstrated
between coronary artery disease for any outcome.
Characteristics and analysis of patients treated
urgently for ruptured AAAs. At presentation, 52 (4.9%)
of the patients had ruptured. Bivariate comparisons (Table
I) demonstrate a trend toward a younger population
among patients with AAA rupture (68.9 vs 70.3 years, P =
.08). There were no significant differences in the sex, race,
incidence of chronic renal failure, or incidence of coronary
artery disease in patients with ruptured AAA. However,
patients admitted with a ruptured AAA were significantly
more likely to have COPD than patients without a rup-
tured AAA (38.5% vs 24.4%, P = .02).
Separate analysis of the 52 patients with ruptured
aneurysms revealed an overall mortality rate of 31%.
Bivariate comparisons demonstrated that COPD was not
significant with an increased mortality rate (40% vs 25%, P
= .25; Table II). Only increasing age (P = .03) was found
to be predictive of a higher mortality rate in patients with
AAA rupture. Bivariate analysis and multivariate logistic
regression confirmed that prolonged ventilation was asso-
ciated with acute myocardial infarction (OR 11.6, P = .05)
and acute renal failure (OR 11.6, P = .05) but not COPD
Table III. Bivariate comparisons: comorbidities and perioperative mortality rate in elective AAA repair
Died (N = 37) Alive (N = 964) P value
COPD (%) 24.4 24.3 .99
Acute myocardial infarction (%) 18.9 2.5 < .001
Acute renal failure (%) 27 2.5 < .001
Chronic renal failure (%) 5.4 2.3 .223
Age (y) 69.5 68.9 .59
Coronary artery disease (%) 21.6 30 .27
Table IV. Multivariate analysis: death and prolonged ventilation in elective AAA repair*
Odds ratio: death P value Odds ratio: ventilation > 96 h P value
COPD 1.1 .81 2.3 .007
Acute myocardial infarction 7 < .001 3.7 < .001
Acute renal failure 14.3 .001 10.1 < .001
Chronic renal failure 2.4 < .001 5.8 < .001
*Multivariate logistic regression models with outcome variables (death, ventilation > 96 hours). Odds ratios for significant explanatory variables reported.
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(OR 1.1, P = .90). Multivariate linear regression revealed
that increasing age was associated with longer ICU LOS
(P = .02), but not hospital LOS (P = .11). No other
comorbidity was associated with prolonged ICU or total
LOS in patients with a ruptured AAA.
DISCUSSION
The current analysis suggests that a diagnosis of COPD
is not associated with increased death after contemporary
elective conventional AAA repair in this large series.
Previous investigations are conflicting; the results of some
suggest an increase in death4 and morbidity (including a
50% increase in pulmonary complications8), whereas the
results of others demonstrate no increase in death.5,9,10
Although no increase in death was observed in this study,
a significant increase in perioperative morbidity was
observed. Patients with COPD were more likely to require
prolonged ventilation and to have an extended ICU and
hospital LOS. Although it was not specifically examined in
this study, the high cost of prolonged ventilation and ICU
care is also likely to result in higher medical expenses for
conventional AAA repair in patients with COPD.
This current study is limited by the quality of admin-
istrative data used for analysis. Potential bias may have
been introduced as a result of systemic coding errors, lack
of accurate severity adjustments for comorbidities, absence
of information on health-related behaviors such as smok-
ing, and missing procedure codes.11 Previous assessments
of coding errors in similar sets suggest that ICD-9-CM
codes have a high specificity (0.90 to 0.99) but sensitivi-
ties as low as 14% for chronic conditions.12 Although this
lack of sensitivity may have profound implications for
other investigations such as case severity adjustment
methodologies, unless there is a systemic misreporting, in
the current study, such a lack of sensitivity would likely
bias the results against finding an association.
Furthermore, the 25.1% prevalence of COPD reported in
this study is not too disparate from that reported in other
studies of patients with AAA. For example, 34% of patients
in the UK Small Aneurysm study had a forced expiratory
volume in 1 second (FEV1) less than 1.7 L,13 and 10% of
patients in a Danish population screening study carried a
diagnosis of COPD.2 The current investigation was lim-
ited by the inability to stratify by the severity of COPD.
Therefore, it is possible that there is a small subgroup of
patients with severe COPD who do pose a prohibitive risk.
Finally, the lack of a clear association between COPD and
the outcome of ruptured AAA surgery may reflect the
dominance of other factors (eg, degrees of preoperative
hemorrhage as well as degree and duration of hypoten-
sion) in determining the clinical course of these patients.
Unfortunately, this level of clinical detail was unavailable
in the administrative records.
Earlier population-based studies have demonstrated
that patients with COPD were more likely to have AAA
than patients without chronic lung disease (9.9% vs 1%-
4%).1,2 In addition, there appears to be a linear dose
response, in which patients with more severe COPD
(FEV1/vital capacity ratio < 53% predicted) were more
likely to have AAA than patients with less severe disease
(19.3% vs 7.6%).1 Other studies have demonstrated an
increased rate of AAA expansion among patients with
steroid-dependent COPD, when compared with those
patients not taking steroids (4.7 mm/y vs 2.6 mm/y).2
Table V. Multivariate analysis: predictors of length of ICU stay with elective AAA repair*
β ICU LOS P value β ln (ICU LOS) P value % Increase in days in ICU
COPD 1 .087 .13 .002 14
Acute myocardial infarction 8 < .001 .70 < .001 101
Acute renal failure 8.1 .001 .88 < .001 140
Chronic renal failure 5.4 .001 .66 < .001 91
Age .1 < .001 .02 < .001 2 per year
*Multivariate linear regression with ICU LOS and ln (ICU LOS) as dependant variables. β For significant explanatory variables reported. Percentage
increase in LOS calculated from β for ln (ICU LOS).7
COPD, Chronic obstructive pulmonary disease; ICU, Intensive care unit; ln, natural logarithm; LOS, length of stay.
Table VI. Multivariate analysis: predictors of hospital LOS with elective AAA repair*
β Hospital LOS P value β ln (hospital LOS) P value % Increase in days in ICU
COPD 1.1 .067 .12 .007 13
Acute myocardial infarction 9.1 < .001 .41 < .001 50
Acute renal failure 7.6 .001 .47 < .001 61
Chronic renal failure 8.6 .001 .52 < .001 68
Age .2 < .001 .01 < .001 1 per year
*Multivariate linear regression with hospital LOS and ln (hospital LOS) as dependant variables. β For significant explanatory variables reported. Percentage
increase in LOS calculated from β for ln (ICU LOS).7
COPD, Chronic obstructive pulmonary disease; ICU, Intensive care unit; ln, natural logarithm; LOS, length of stay.
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The current study supports the association between
COPD and aneurysm rupture reported by others. In
the UK Small Aneurysm trial, patients with a lower
FEV1 had a significantly higher rate of rupture (P =
.004),13 whereas investigators at the University of
Michigan found a 5-year predicted AAA rupture rate of
34% in patients with COPD compared with 2% in
patients without COPD.3 This increased risk of rupture
may be particularly relevant in patients with small
aneurysms. For example, at the University of
Washington, patients with ruptured aneurysms less than
5 cm in diameter were significantly more likely to have
COPD when compared with patients with COPD and
larger ruptured AAAs (64% vs 25%, P = .02).14
Recently, several reports have suggested that COPD is
not an independent risk factor for AAA expansion or rup-
ture after controlling for other comorbidities, particularly
smoking.15 Other investigators have suggested that med-
ications used to treat COPD, particularly steroids, rather
than a common biological pathway, may be more likely to
affect AAA growth and rupture.2 Although AAA and
COPD may not, in fact, share a common physiologic
mechanism, COPD remains a clinical marker for increased
risk of developing an expanding AAA leading to rupture,
as demonstrated in this study. Patients with COPD should
be followed up closely and consideration should be given
to early repair, particularly in those patients who continue
to smoke or who require steroid treatment.
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DISCUSSION
Dr Sachinder S. Hans. (Warren, Mich). I have two questions.
Excellent study. One question would be that the mortality data
were calculated within 30 days. Is it possible that some patients
may have been discharged and then come back and probably were
not counted in the study?  
Dr David A. Axelrod. It’s possible, although the mortality was
actually calculated during the time of their hospital stay, so the
perioperative mortality could actually have been within 30 days. It
is possible that there were some patients who died postoperatively
or at a nursing home that weren’t included in this study. 
Dr Hans. The second question is, was the COPD objectively
documented? Did you divide into grades with FEV1 or mea-
surements of MVV, or is it COPD by clinical criteria? I think
there is a great variation in grades of COPD. Some patients
may have just a mild emphysema on chest x-ray and without
measurements of pulmonary function tests and arterial blood
gases might have been included in your study. Do you have the
data on that? 
Dr Axelrod. We don’t have the data. The data were limited by
ICD-9 codes. We hope to extend the analysis in the future with
the national VA surgery quality improvement study, which
includes key laboratory values including ABG values for all the
patients that they were drawn on. But in this investigation we did
not have that information.
